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The results of intubation tests on 50 patients before and after gastrectomy have been reviewed. Following gastrectomy, the pancreatic response to food is modified in the following manner.
(1) There is an increase in the resting volume of secretion.
(2) After a Billroth I operation, the output in one hour after a meal is some two-thirds of the pre-operative output.
(3) After a Polya gastrectomy, the pancreas continues to secrete at its resting rate after meals.
(4) Dissociation of enzymes occurs in the afferent loop after a Polya operation. Lipase is frequently absent from the intestinal contents, and trypsin occasionally so.
(5) Vagal section appears to be an important factor in the production of the new pattern of response.
Experimental studies on dogs have shown that -the pancreatic response to food is reduced after gastrectomy (Annis and Hallenbeck, 1952; Rich- man, Lester, Hollander, and Dreiling, 1954) . The early investigations of the problem in man (Stein and Fried, 1923; Glaessner, 1927; Stern, 1929; Santy, Mallet-Guy, Chambon, and Folliet, 1939) do not afford any clear picture of the effect of the operation. The recent work of Lundh (1958) , however, has shown that the concentration of pancreatic enzymes in the intestine is very much reduced after gastrectomy, and that a large part of any meal does not mix with the enzymes. Studies with isotopic fat (Shingleton, Isley, Sanders, Floyd, Baylin, Postlethwait, and Ruffin, 1957; Baylin, Isley, Sanders, Reeves, Ruffin, Hymans, and Shingleton, 1957;  Ruffin, Keever, Chears, Shingleton, Baylin, Isley, and Sanders, 1958) have indicated that the absorption defect that follows gastrectomy is similar to that occurring in patients with pancreatic deficiency. This may be due either to reduced pancreatic output after gastrectomy or to the meal and pancreatic enzymes mixing poorly. Dragstedt (1952) , Warren (1954) and MacLean, Perry, Kelly, Mosser, Mannick, and Wangensteen (1954) inadequate mixing of food and enzymes is one of the features of the post-gastrectomy state (Warren, 1954; Wells, 1955; Polak and Pontes, 1956; Kiekens and Lundh, 1957) .
PRESENT INVESTIGATION
The purpose of this paper is to summarize the results of a study of the pancreatic response to food after gastrectomy carried out in Bristol during the past nine years. Intubation tests with a meal were carried out on 50 patients before and after a Billroth I gastrectomy, each patient having four tests, two before the operation to give controls, and two after the operation. The aim of the investigation was to determine the effect of gastric resection on the pancreatic response to food entering the duodenum on the one hand, and entering the jejunum on the other. The tests were therefore grouped as follows:
Series A.-The pancreatic response to a meal entering the duodenum before operation Series B.-The response to a meal entering the jejunum before operation Series C.-The response to a meal entering the duodenum after gastrectomy Series D.-The response to a meal entering the jejunum after gastrectomy.
In each series, 50 results were obtained for analysis, and it is submitted that those in Series C indicate the pancreatic response occurring after a Billroth I operation, and those in Series D afford an approximate index of the response after a Polya operation.
A four-lumen tube was used throughout the investigation, and it was passed under radiological control so as to occupy a position illustrated in Fig. 1 
group.bmj.com on October 21, 2017 -Published by http://gut.bmj.com/ Downloaded from before and after operation is illustrated in Fig. 2 (a) and (b), but the differences may be summarized thus:
(1) There was an increase in the resting volume per sample in the post-operative series compared with the pre-operative controls. In Series A, the mean 10-minute resting volume was 7-85 ml.
(2A-14-2 ml.), whereas in Series C it was 14 05 ml.
(10 5-18-0 ml.). This increase was observed in 45 (90%) of the patients, and in 22 (44 %) the postoperative volume was greater than the maximal levels recorded in Series A.
(2) The resting concentrations of bicarbonate and enzymes remained unchanged after operation, and are shown in Table II . 1-28 (0-6-1-9) Lipase (units/ml.) 114 (91-162) 107 (3) After the meal, the variation in the total output in volume and in the various constituents of pancreatic secretion are shown in Table III . indicates the effect of gastrectomy on the pancreatic response to food entering the jejunum directly. The general pattern of the response before and after operation is illustrated in Fig. 3 (a) and (b). The observed differences were as follows:
(1) Again, there was an increase in the resting output in the post-operative group, i.e., a mean volume of 12.1 ml. (9-16-2 ml.) per 10-minute sample in Series D compared with 7.7 ml. (2.6-12.0 ml.) per sample in Series B. The increase was recorded in 37 (74%) of the patients, and in 19 (38 %) the new value was greater than the maximum levels observed pre-operatively.
(2) The resting concentrations of bicarbonate and enzymes were unchanged and were similar to those shown in Table II. (3) After the meal, the total output in the two groups is shown in Table IV. (4) The maximum bile coloration of the samples was observed in the early samples in Series B, but towards the end of the hour period in Series D.
STATISTICAL ANALYsIs.-Since the same patients were subjected to tests in each series, it is permissible to apply statistical criteria to the mean reductions already given. Student's test was used, and it was found that the differences between Series A and C, and between Series B and D were significant (P <0-001).
DISCUSSION AND CONCLUSIONS It is evident that one effect of gastrectomy on pancreatic function is to increase the resting rate of secretion. This may account for the so-called compensatory hypersecretion observed by Stein and Fried (1923) . A second effect of the operation is a delay in the appearance of bile in the duodenal contents following meals. In this respect, the group.bmj.com on October 21, 2017 -Published by http://gut.bmj.com/ Downloaded from findings are in agreement with the observations of Lundh (1958) .
With reference to the response to food entering the duodenum, i.e., after a Billroth I operation, the pancreatic output in one hour following the meal is approximately two-thirds to three-quarters of the pre-operative output. Not only is the volume reduced, but the highest concentrations of bicarbonate and enzymes reached are less than those occurring before operation.
When the duodenum is bypassed, and food enters the jejunum directly, the pancreatic response is modified by gastrectomy in a different manner. The characteristic response observed after operation is one in which the pancreas continues to secrete at its new resting rate. By inference, this must resemble the pattern of response to be expected after the Polya operation.
In addition to this primary modification of the pancreatic response after Polya operations, there are other changes of a secondary nature which are related to the creation of the afferent loop. If the contents of this loop are collected as they escape after meals (Butler, 1959) , a degree of dissociation of the pancreatic enzymes may be observed. Table V response in such patients when a meal was introduced into the duodenum, and into the jejunum directly. The similarity of the responses to those recorded in Series C and D suggests that vagal section, coincident with gastrectomy, may be responsible for the modification of the pancreatic response. It must be stressed that there are several other factors that may be important after gastrectomy. The normal stomach discharges its contents into the duodenum in small amounts, and this almost certainly results in a sustained output from the pancreas, which continues until the stomach is empty. Following gastrectomy, rapid emptying of the stomach remnant may lead to the production of pancreatic secretion over a shorter period of time. The duodenum following a Polya operation is bathed in alkaline secretion, and this factor may cause further reduction in pancreatic output.
Finally, since some of the post-cibal syndromes occurng after operation are mediated by sympathetic nervous pathways, pancreatic secretion may be inhibited if the reflexes involve the pancreas.
